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Footnote: The nucleotide sequences of strain A1 flagellar and chemotaxis genes in this 24 paper were deposited in the GenBank/EMBL/DDBJ databases under the following INTRODUCTION composed of 60-mer synthetic oligonucleotides for each gene. Labeling with cyanine 141 (Cy3), fragmentation, and hybridization were carried out by Roche NimbleGen in line 142 with NimbleGen Array User's Guide: Gene Expression Arrays Version 5.1 (Roche 143 NimbleGen, 2010). Arrays were scanned at 532 nm and a resolution of 2 µm with a 144 NimbleGen MS200 microarray scanner and analyzed by quantile normalization and 145 robust multiarray averaging (Irizarry et al., 2003a; Irizarry et al., 2003b) . The resultant 146 about 18 raw expression data for each gene were subjected to statistical treatment. The 147 normalized data were processed by a program of the NANDEMO Analysis 1.0.0 (Roche 148 diagnostics). Student's t-test was adopted for analyzing the mean log ratios of two 149 samples and subsequent Bonferroni adjustment for multiple testing (3985 genes on 150 arrays) was used as a rigorous criterion for significant changes in signal intensity. 151 Changes with P < 0.05 were considered statistically significant. The microarray data 152 obtained in this study have been deposited in the Gene Expression Omnibus database at 153 NCBI under accession number GSE62901. staining with 2% phosphotungstic acid in a similar manner to that described previously 159 (Hisano et al., 1995) . Isolation of flagella. Flagellar filaments were isolated from the cells, as described 162 previously (Iida et al., 2009 ) but with some modifications. Briefly, A1-M5 cells were cultured aerobically in AHY medium (10 mL) to an OD600 of ca 1.0 and harvested by 164 centrifugation at 4°C (6,000 × g for 10 min). The pellet was resuspended in 1 mL of 10 165 mM Tris-HCl (pH 7.5) and passed through a needle (22 gauge) 10 times to shear off the 166 flagella from the cells. After removing the cells by centrifugation (10,000 × g for 10 167 min) at 4°C, the flagella were pelleted by ultracentrifugation (100,000 × g for 60 min) at 168 4°C and resuspended in 50 μL of 10 mM Tris-HCl (pH 7.5).
170
Western blotting. Bacterial cells grown in ALY or AHY medium at 30°C were 171 harvested by centrifugation (6,000 × g for 10 min) at 4°C, resuspended in 20 mM 172 Tris-HCl (pH 7.5) and lysed with SDS. The cell lysates or isolated flagellar filaments 173 were subjected to SDS-PAGE and transferred to an Immobilon-P transfer membrane 174 (Millipore) at 1.5 mA/cm 2 for 30 min. The immunoreactions were performed according 175 to the rapid immunodetection method described in the manufacturer's instructions 176 (Millipore) using rabbit anti-p5 antisera (Hashimoto et al., 2005) or rat anti-p6 antisera 177 (Kobayashi, Graduation Thesis of Kyoto University, pp9-10, 2013) as a primary 178 antibody and donkey anti-rabbit or goat anti-rat immunoglobulin antibody (GE al., 1996) . A molecular phylogenetic tree was constructed using CLUSTALW 188 (Thompson et al., 1994) and the TreeView program (Page, 1996) . Yonemoto et al., 1991) , but we found that its genome contains at least 80 flagellar 197 genes ( Fig. 1) . A large gene cluster from sph1784 to sph1824 ( Fig. 1(a) ) appeared to 198 contain almost all of the genes required for flagellum formation. Other smaller clusters 199 that contained 2-12 flagellar genes were also found in the genome ( Fig. 1(b) ). Most of 200 the genes in the smaller clusters overlapped with the genes in the larger cluster and thus 201 these genes alone appeared to be sufficient for flagellar formation. Therefore, we 202 designated the larger cluster of flagellar genes as set I and the shorter clusters as set II.
203
The flagellar gene arrangement is known to differ among species, but the 204 arrangement of lateral flagellar genes is somewhat conserved in gamma-proteobacteria 205 (Merino et al., 2006; Ren et al., 2005) . The arrangement of strain A1 gene cluster set I 206 was similar to that of the lateral flagellar genes. lafK encodes a regulatory protein for 207 lateral flagellar gene expression (Stewart & McCarter, 2003) and it is usually included 208 in the fliEFGHIJ operon, but it was not present in the set I cluster ( Fig. 1(b) ). (Kazmierczak & Hendrixson, 2013 , Kusumoto et al., 2006 . In strain A1, flhF 226 and flhG were present in the set II genes, thereby suggesting that the set II flagellar 227 genes are involved in the formation of a single polar flagellum.
228
Two flagellin homologues, p5 and p6, were identified previously in the outer 229 membrane fraction of strain A1 (Hashimoto et al., 2005) . We found that another 230 flagellin gene, p5′, was also encoded in the downstream region of p5 ( Fig. 1(b) ). The 231 shared amino acid sequence identities between p5′ and p5 and between p5′ and p6 were 85% and 40%, respectively. The amino acid length of p5′ (384 residues) was also Similarities with the lateral flagellar genes were also detected for other genes in 279 flagellar gene cluster set I. For example, BLAST searches against the UniProtKB and 280 SwissProt databases using the nucleotide sequences of sph1800 (motB), sph1801 (motA) 281 and sph1802 (fliA) as query sequences showed that they shared high homology with 282 lafU, lafT and lafS from V. haemolyticus, respectively.
283
The position in the flagellin phylogenetic tree, as well as the arrangement of 284 the set I flagellar genes mentioned above, suggests that p6 is a lateral flagellin, which is 285 typically designated as LafA, whereas p5 and p5' may be different from lateral 286 flagellins based on their primary sequences.
288
Motility expression and flagellum formation by strain A1 289 The motility of cells was screened on semisolid AHY plates with 0.5% agar. First, the 290 strain A1 cells streaked onto semisolid media exhibited no movement, but the cells 291 began to spread. The cells at the edge of a single colony grown for a week were 292 sub-cultured to a fresh semisolid AHY plate. In contrast to the wild-type strain A1 cells, 293 sub-cultured strain A1 cells spread over the medium within a few days ( Fig. 3(a) ). We 294 selected cells (designated as A1-M5) from the colony with the widest spread and used 295 these cells in our further analyses. Western blotting analysis using anti-p5 antisera 296 showed that A1-M5 cells produced a large amount of p5 compared with the wild-type 297 strain A1 cells ( Fig. 3(b) ). The cross-reacted protein bands in A1-M5 cell extracts ( Fig.   298 3(b) lanes 3 and 4) indicated the presence of other flagellins: p5′ and p6. Both the 299 wild-type and motile strain A1 cells grew well on alginate (Fig. 3(c) ). A1-M5 cells were 300 also confirmed to exhibit a swimming ability by light microscopy (Movie S1 and S2) and this was supported by the cell movement on 0.3% agar plate ( Fig. 3(d) ). TEM 302 analysis showed that about half of A1-M5 cells formed a single mono-polar flagellum 303 (Fig. 4 ), which has not been observed previously. The length and thickness of the 304 flagellar filament were determined as ca 8 μm and 20 nm, respectively. Motility 305 expression of strain A1 was confirmed to be reproducible. Furthermore, although initial 306 experiment for the motility screening was undergone using semisolid AHY plates and 307 cultivation in AHY liquid media increased the p5 expression in wild-type strain A1 ( Fig.   308 3(b), lane 2), streaking of wild-type strain A1 onto semisolid ALY plates also induced 309 cell motility, suggesting that high concentration of yeast extract is effective but not 310 necessary on flagellation of strain A1.
311
As described above, strain A1 possesses three flagellin genes and two sets of 312 flagellar genes. In order to determine the genes involved in the formation of the single 313 polar flagellum in A1-M5, the gene expression levels were compared in wild-type and 314 A1-M5 cells based on DNA microarray analyses. As shown in Table 2 , all of the 315 flagellar genes in the A1-M5 cells were expressed at much higher levels than those in 316 the wild-type cells. The flagellar gene sets did not exhibit any obvious tendencies to be 317 expressed preferentially. The expression levels of most of the chemotaxis-related genes 318 also increased, but not all. The most dramatic increase (404-fold) was observed in 319 sph821, which encodes a methyl-accepting chemotaxis protein that act as a receptor in 320 chemotaxis. The expression levels of three flagellin genes, i.e. p5, p5′ and p6, increased 321 67-, 57-and 93-fold, respectively, in A1-M5 cells, thereby indicating that all of them 322 were transcribed inductively in A1-M5 cells. However, the transcription levels of these 323 flagellins were different (p5, 39242; p5′, 6054; p6, 44317) . The transcriptions of flhD and flhC genes whose products promote expression of the other flagellar genes in ( Fig. 5(b) ). Gene disruption analysis indicated that p5 and p6 gene-disruptants lacked 348 the 39-kDa and 30-kDa proteins, respectively, in the flagellar fraction ( Fig. 5(b) and (c) ). 349 These results demonstrate that the A1-M5 flagellar filaments mainly comprise p5 
